Many studies on holothuria have been carried out in other countries (Bechtel, Oliveira, Demir & Smiley, 2013; Chong, Pindi, Chye, Shaarani & Lee,2015; Duan, Zhang, Mujumdar & Wang, 2010; Omran, 2013; Pereira, Valentão, Teixeira & Andrade, 2013; Sicuro et al., 2012; Telahigue, Hajji, Imen, Sahbi & El Cafsi, 2014; Wen, Hu & Fan, 2010; Xu, Xu, Zhang, Peng & Yang, 2016) , but there have been very few in Turkey (Aydın, 2016; Aydın, Sevgili, Tufan, Emre & Köse, 2011; Bilgin & İzci, 2016; Çaklı, Cadun, Kışla & Dinçer, 2004; Özer, Mol & Varlık, 2004) .
Fresh sea cucumbers are not offered to market as much as the dried sea cucumbers are. Sun drying has been a traditional method for sea cucumbers since the ancient times as the energy required is free energy. However, this method is prone to pest invasions (Chong et al., 2015) . Although Holothuria tubulosa is present in the Turkish Seas, it is not considered as a commercial species. This species has attracted attention because sea cucumbers are used in many countries as nutrients as well as in the health sector, and partly due to the fact that Turkey supplies this species. Therefore, the aim of this study was to determine the nutritional composition of fresh and dried H. tubulosa, and to compare the two drying methods used in drying the sea cucumber (oven-drying and ambient-drying).
| MATERIAL S AND ME THODS

| Materials
The Holothuria tubulosa (Gmelin, 1788) samples used in this study were harvested by divers from the İzmir Coast of the Aegean Sea, Turkey, in April. Scuba diving and snorkelling gear were used to harvest H. tubulosa. The internal organs of the sea cucumbers were removed by hand after their biometric measurements (weight, length, and diameter) had been taken. The cleaned sea cucumbers (100 individuals) were transported to the Food Processing Laboratory of the Egirdir Fisheries Faculty by cold chain in 4.5 hr. All 100 sea cucumbers were used, which had a mean length of 14.03 ± 4.63 cm, a mean weight of 68.97 ± 35.36 g and a mean diameter of 3.12 ± 0.68 cm.
| Pretreatment
The sea cucumbers were boiled at 100°C for 20 min (Duan et al., 2010) and then placed on trays for cooling. The surface water was removed from the samples by filter paper. The biometric measurements of the boiled sea cucumbers were taken by dividing them into three groups at random with a similar weight in each group and labeled boiled (B); the other samples were similarly separated before drying in ambient temperature (DA) and by the oven (DO) drying process.
In the first of the two different drying processes used, H. tubulosa samples were placed on blotting paper without touching each other and then in a preheated oven (DO) at 45 ± 1°C for 76 hr. In the second method, the samples were again placed on blotting paper without touching each other and then put in an ambient temperature (DA).
Ambient temperature was maintained at 23 ± 2°C. The samples were dried until they reached rock hardness (about 6 days). The sea cucumbers must be dried to rock hardness to prevent mold when they are stored, and to fetch a good price (Purcell, 2014) . Once fully dried, the sea cucumbers were stored in large plastic sacks and kept in a dry place.
| Proximate composition
Moisture content was determined with an automatic moisture analyzer (AND MX-50). Crude protein content was determined according to the Kjeldahl method (N × 6.25) (Association of Official Analytical Chemists, 2000). Lipid content was determined by the Bligh and Dyer (1959) 
| Fatty acid analysis
Fatty acid methyl esters were extracted by transmethylation using a small amount of n-heptane added to the lipids employing the method described by Ichihara, Shibahara, Yamamoto and Nakayama (1996) . A 4 ml amount of 2M KOH was added to 10 mg lipid samples extracted with 2 ml of heptane. Afterward, the mixture was stirred with a vortex at an ambient temperature of 24 ± 2°C for 2 min and centrifuged at 4000 rpm for 10 min before the heptane layer was removed for gas chromatography (GC) analysis. Fatty acid methyl esters were separated by gas chromatography (PerkinElmer Clarus 500, USA) equipped with a flame ionization detector and a fused silica capillary SGE column (30 m × 0.32 mm, ID.BP20 0.25 μm, USA).
The oven temperature was 140°C, held for 5 min, and then raised to 200°C at a rate of 1°C/min, while the injector and detector temperature were set to 220°C and 280°C, respectively. The sample size was 2 μl. The carrier gas was maintained at 16 psi, and the split rate was 1:100. Fatty acids were identified by comparing the retention times of FAME with a standard 37 component FAME mixture (Supelco). GC analyses were replicated twice. The results were calculated in the GC domain as % mean values ± standard error.
| Statistical analysis
For statistical analysis, the results were expressed as mean ± standard error. One-way analysis of variance (ANOVA) was carried out to determine the treatment effect (F, B, DA, and DO groups). Duncan's multiple comparisons test was used for comparison of the differences between averages. All statistic analyses were performed using the SPSS 16.0 software program (Esteves, 2011 ) (p = 0.05).
| RE SULTS AND D ISCUSS I ON
| Proximate composition
The effects of different treatments on the proximate compositions of H. tubulosa are given in Table 1 . Similar to this study, Wen et al. (2010) reported that the moisture content was 11.6% and 7.0% in dried Holothuria fuscogilva and Holothuria fuscopunctata species, respectively. Özer et al. (2004) indicated that the moisture content of fresh Holothuria scabra was determined to be 87.21%, 85.45%, 84.91%, 85.32%, and 84.54% from April to August, respectively.
Similarly, Aydın et al. (2011) found the moisture content to be 84.30% in fresh H. tubulosa. Zhong, Khan and Shahidi (2007) evaluated proximate and fatty acid compositions of fresh and rehydrated sea cucumber (Cucumaria frondosa) samples with/without internal organs. The moisture content of fresh C. frondosa with/without internal organs was determined to be 90.1/87.4%. Çaklı et al. (2004) determined that the moisture content of H. tubulosa was 86.74% when raw, 66.17% when boiled and 20.47% in dried samples (8 days).
However, the moisture content of boiled and dried H. tubulosa was different from this study. The reason for these differences may be the boiling and drying conditions. Bechtel et al. (2013) reported a moisture content of 4% in freeze-dried samples of Parastichopus californicus. Bilgin and İzci (2016) found that the moisture significantly decreased in dried samples (10.33%) compared to fresh (86.93%) and boiled H. forskali (80.82%). Similar findings were found in this study.
In this study, the highest crude protein rate (62.127%) was found in the DA group, while the lowest protein rate (12.30%) was seen in the F group (p < 0.05). In addition, differences among the F, B, and dried groups were found to be statistically significant (p < 0.05).
Similarly, Çaklı et al. (2004) reported that the crude protein rate was 8.18% in fresh, 15% in boiled, and 66.45% in completely dried sea cucumbers. Aydın et al. (2011) detected an 8% protein content for fresh H. tubulosa. Bilgin and İzci (2016) found that the protein content significantly increased in dried samples (60.92%) by comparison with fresh (11.99%) and boiled H. forskali (17.25%) In that study, the sea cucumbers were processed using two different methods. The first method was evisceration by cutting the anus, followed by the removal of the internal organs by firmly squeezing the body; the second method was through evisceration by cutting along the length of the body, followed by the removal of the internal organs (Özer et al., 2004) . They indicated that crude protein rates were determined to be 59.57% in method 1 in April and 60.18% in method 2 in April for H. scabra. Chang-Lee, Price and Lampila (1989) reported the protein content to be 61.70% in dried sea cucumbers. Telahigue et al. (2014) indicated improvements in the total protein level in the body wall of H. forskali dried at different temperatures and humidity levels.
Compared to each other, an increase in the protein contents was observed to be dependent on a decrease in the moisture content in these studies. Similar results were found in this study. Bechtel et al. (2013) reported 68% protein in the muscle bands, and 47% in the body wall of freeze-dried P. californicus.
In this study, the crude fat contents showed significant changes among groups (p < 0.05). However, there was no significant difference in the crude fat rates between F and B (0.221%-0.191%) and between DA and DO (0.873%-0.758%) groups (p > 0.05). Similar to this study, Özer et al. (2004) indicated that crude fat rates were determined to be 0.37, 0.22, 0.19, 0.17, and 0.23% in fresh H. scabra species in April, May, June, July, and August, respectively.
Contrary to this study, Çaklı et al. (2004) In this study, the crude ash contents were significant among groups (p < 0.05). However, there was no significant difference in the crude ash rates between F and B (0.72% and 0.61%) groups (p > 0.05). The ash contents in dried samples were determined to be 26.65% for DA, and 30.30% for DO. Similarly, Wen et al. (2010) determined that ash contents were 26.4% and 39.6% in dried H. fuscogilva and H. fuscopunctata species, respectively. By comparison, the amount of ash increased due to the drying procedure in both studies. On the contrary, Zhong et al. (2007) indicated that the crude ash contents were found to be 2.97% and 3.03% in fresh Cucumaria frondosa samples with/without internal organs. Özer et al. (2004) indicated that crude ash rates were determined to be 8.10, 11.06, 7.57, 4.68, and 3.59% in fresh H. scabra species in April, May, June, July, significantly increased in dried H. forskali (from 0.736% to 27.34%).
Those results agreed with the results of this study (Table 1) .
| Fatty acid profile
The fatty acid profiles of all H. tubulosa samples (all groups) are given in EPA and DHA contents showed a decrease after the boiling and drying process (Table 2) . Wen et al. (2010) indicated that DHA was not found in some dried samples, and the reason may be the repetitive boiling process. It has also been reported that long-chain fatty acids such as EPA and DHA may be highly susceptible to heating and other culinary processes (Wen et al., 2010) . These results were similar to our findings. Fredalina et al. (1999) reported that the DHA ratio was found to be higher than EPA in extractions with water of Stichopus chloronotus using different methods. In H. tubulosa, the opposite situation was found. Zhong et al. (2007) Aydın et al. (2011) detected a decrease in DHA and PUFA, and an increase in ARA and EPA after drying H. tubulosa. Bechtel et al. (2013) reported 6.19% and 8.93% DHA, and 12.34% and 22 .63% EPA contents in the body wall and muscle bands of freeze-dried P. californicus, respectively. The same researchers reported ARA contents to be 7.05% and 9.90% in freeze-dried samples of the body wall and muscle bands of P. californicus. Pereira et al. (2013) reported that EPA-DHA rates were low, and the PUFA contents were higher than SFA in freeze-dried samples of H. forskali caught from Portugal.
According to fatty acid analyses, lower MUFA and PUFA values were found in samples dried at room temperature. This situation may be due to the fact that the fatty acids were oxidized when the product was dried at room temperature. Palmitic acid, palmitoleic acid, and oleic acid decreased significantly after drying under (DA)
conditions for H. tubulosa. It is known that fatty acid components may vary according to processing, storage, and body parts (Bilgin, 2003; Wen et al., 2010) . According to results of the fatty acid analyses, if the two drying methods are compared in terms of their fatty acid compositions; as an advantage for oven-drying, the total PUFA, DHA, and ARA contents were higher in DA group than those in DO group. Furthermore, ambient conditions have uncontrolled atmosphere. This is a disadvantage for ambient-drying as the hygienic conditions and ambient temperature, etc. will be harder to control. Dried sea cucumbers in ambient temperature are more prone to oxidation than they are under oven-drying conditions due higher exposure to oxygen and light. These conditions affect the quality of end products. In terms of proximate composition, oven-dried sea cucumbers have lower moisture and fat contents. Therefore, it is thought that oven-drying provided a better protection. The ash content was higher in ovendried sea cucumbers. Also, protein ratio was lower than those dried at ambient temperature. In conclusion, drying H. tubulosa under controlled conditions, such as oven-drying, cabinet drying is a better method for healthy consumption.
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